The ob gene product
, has led to numerous reports emphasizing the importance of the leptin signaling pathways.
This secreted protein is presumed to mediate signals from adipose tissue to the brain, thereby acting through modulation of satiety signals and energy expenditure (1, (3) (4) (5) (6) . The effects of the ob gene pathway on energy expenditure are believed to be associated with the activation of the sympathetic nervous system and, at leastin rodents, with subsequent stimulation of heat production in brown adipose tissue (BAT). BAT is the physiological opposite of white adipose tissue, being designed to burn, not store, energy and to release the energy as heat (7) . BAT accomplishes this through a unique mitochondrial uncoupling protein (UCP), which uncouples fuel oxidation from ADP phosphorylation by collapsing the proton gradient across the inner mitochondrial membrane (8, 9) . Animals with BAT deficiency develop not only obesity, but also hyperphagia (7, 10), strongly suggesting that food intake and energy expenditure may be linked through BAT. Since BAT is well developed in newborn rodents, an analysis of ob gene expression in BAT of the rat around birth was undertaken and the results presented herein.
MATERIALS

AND METHODS
Animals and adipose tissue biopsies
Wistar rats were killed at day 20 of gestation, immediately at birth, or at various times after birth. Interscapular brown adipose tissues were rapidly dissected and frozen in liquid nitrogen and stored at -80#{176}C until sectioned or extracted for RNA. Animal manipulation was done according to the Helsinki statement.
Northern blot analysis
Total RNA was prepared as described by Chomczynski and Sacchi (11) . Several tissues were pooled for each condition (see figure legends).
Northern blot analyses were performed using rat (12) and analyzed in a Zeiss Axiophot dark field microscope. Pictures fromthese emulsion radiographs weretaken using T-max 100 film (Kodak). Some of the sections were subsequently dippedinNTB 2 nuclear track emulsion (Kodak), followed by a 5 wklong exposure; they were then developed, fixed, and analyzed in a Zeiss dark field microscope as previously described in order to determine the UCP mRNA was expressed and a strong induction of UCP mRNA was noticed at birth, as already described (15) . A first interpretation of these data was that ob mRNA might not be expressed in BAT at birth but could emerge later. To
BAT of newborn animals taken immediately at birth (0 h animals), and an almost complete disappearance was noticed 8 h later. Subsequently, very low levels of ob mRNA were detected 10 and 12 h after birth whereas higher levels were observed 18, 20, or 24 h after birth (Fig. 2) .
In situ hybridization was used to identify cells expressing ob mRNA in interscapular BAT of newborn rats. Leptin, UCP, and 'y-actin mRNA levels were analyzed in BAT biopsies obtained immediately after birth or 24 h later, with or without suckling (Fig. 3, Fig. 4) . Figure 3 shows dark field emulsion autoradiographs depicting expression of the UCP gene in interscapular BAT of the 24 h-old newborn rat (Fig. 3A) , the ob gene, i.e., leptin mRNA (Fig.  3B) , and an adjacent bright field picture (Fig. 3C ) of the tissue depicting the presence of brown adipocytes (long arrows), white adipocytes (arrowheads), collageneous tissue, and a mixture of white and brown adipocytes (star). Expression of UCP mRNA was intense over brown adipocytes (long arrow in Fig. 3A) whereas no labeling could be observed over white adipose tissue (short arrow in Fig.  3A) . In contrast, leptin mRNA was present in both white (short arrow in Fig. 3B ) and brown (long arrow in Fig. 3B ) adipose tissue, although labeling was more intense over white adipose tissue.
The upper part of Fig. 4 shows autoradiographs of representative glass slides used for UCP (Fig. 4A) , leptin (Fig. 4B) , and 7-actin (Fig. 4C ) mRNA quantification.
In allslides,the tissuesat leftare from eight different newborn rats (taken immediately at birth), the ones in the middle from eight 24 h fed rats, and the ones at right from eight starved 24 h-old rats. In general, the expres- The group values are mean ± SD. The groups were compared using the Student's t test. (Fig. 4B) ; only background labeling was present in the tissues labeled with the sense probe (not shown). The corresponding gene expression levels were measured by computerized image analysis of high-resolution X-ray films and expressed in nCi/g. The mean values from these experiments, performed in triplicate, are given in the lower part of Fig. 4 . Expression of the controlgene, 'Y-actin, was similar in all three groups. Likewise, leptin mRNA levels were similar in newborn and fed rats. However, the leptin mRNA expression was decreased by 65% in rats starved for 24 h after birth (P<0.0001). Furthermore, UCP gene expression was 168% higher in milk-fed rats than in the newborn rats (P<0.0001), while the UCP expression level decreased to 40% in the starved rats as compared to the newborn animals (P<0.0001). The decrease of leptin mRNA levels in neonates deprived of suckling was confirmed by Northern blot analysis (Fig. 5) .
The level of leptin circulating in the blood of newborn rats was assayed using antibodies against mouse leptin. In the plasma of 24 h-old animals, leptinconcentrationwas 1.00 ± 0.28 ng/ml (mean from four animals±SD).
However, the low amount of blood collected from most animals forced us to pool samples from several newborn animals ( Table 1) .Leptin was detected in the plasma of 0 h animals (0.51 and 0.57 ng/ml). Half this value was found in the blood of animals 10 h after birth, whereas no circulating leptin was detectable in 10 h-old animals that did not suckle at their mother. Leptin values of 0.31 and 0.95 ng/ml were measured in the plasma of rats14 or 24 h after birth, respectively.
DISCUSSION
This study shows that the ob gene is expressed in rats at birth in brown adipose tissue. Starvation prevents leptin mRNA expression in neonates, as already reported for adipose tissue of adult rodents (16) (17) (18) . Whether the ob gene is expressed in BAT of adult rodents remains unclear because an absence, very low, and low levels of leptin mRNA expression have been reported in BAT of adult mice or rats (12, (16) (17) (18) (19) (20) (21) (22) , which indicates that brown adipocytes are indeed expressing leptin mRNA. Twenty four hours after birth, the situation is more complicated because our in situ hybridization experiments revealed the presence of leptin mRNA in both brown and white adipocytes forming the interscapular adipose tissue.
The expression of leptin mRNA in BAT of newborn rats (0 h animals) and the concomitant presence of leptinin the blood of these rats suggest that BAT secretes leptin at birth and that the first leptin molecules sent to the brain come from this organ. Within 10 h after birth, a decrease in leptin mRNA level in BAT, followed by an increase at 18 h, was measured; similar changes of leptin concentrations in blood were observed (Table 1 ). These data also support a role for interscapular BAT in leptin production. Due to the small amount of plasma obtained from newborn animals, the assay was performed on plasma pooled from several animals, as indicated in the right-hand column. Each determination was performed in duplicate. n.d., nondetectable.
et al. (10) have described transgenic mice in which BAT was ablated via expression of a toxin; such animals became obese and hyperphagic several weeks later. Although the authors have reported that obesity appears to precede hyperphagia,our hypothesis of a contribution of BAT to leptin production would implicate that these animals had been suckling immediately at birth and ingesting more milk than normal mice.
In other respects, it has been suggested that leptin could signal the sympathetic nervous system to increase energy expenditure in BAT (3) (4) (5) (6) . This is in agreement with the time course of expression of leptin mRNA at birth and the strong induction in UCP mRNA a few hours after birth, although we have not shown that leptin administration can induce UCP gene expression.
It has been proposed that BAT thermogenesis may participate in the control of food intake of newborn infants (24) . Here we suggest that leptin production by BAT at birth is involved in the regulation of food intake. 
